As an end user of energy products, carbon dioxide capture and storage (CCS) system commonly requires a significant amount of energy to sustain a steady operation. As a renewable energy source, solar energy can supply plenty of thermal energy in different grades through various types of solar collector. Between the demand and supply sides, several technologies of solar thermal engineering can be applied as a bridge for an energy efficient design. In this paper, a technological framework for the energy efficiency in post-combustion CO 2 capture is further discussed as a second section of the two-part study. Based on existing research, several possible options of alternative energy supply to CCS system are analyzed, particularly for solar thermal energy. Moreover, some key design issues for the solar-assisted CCS system, such as integrated solar reactor with the regeneration component, are discussed as well.
Introduction
As an end user of energy and mass products (heat, power, cooling water, etc.), carbon dioxide capture and storage (CCS) system commonly requires a significant amount of energy to maintain a steady operation. Renewable energy can be a reasonable alternative for the assistance in CCS industry. Compared to the primary energy, renewable energy, especially solar energy, can supply energy on a large scale without serious pollutions. Solar thermal energy (STE) has already been applied in industry and building service sectors as a sustainable energy source. For CCS systems, some researchers proposed several solar-assisted solutions to the absorbent regeneration. Ordorica-Garcia proposed a design concept for solar-assisted post-combustion CO 2 capture (SPCC) system [1] . Plaza developed a three stage flash process with a solar-assisted preheater to replace the reboiler of conventional MEA regeneration process [2] . A preliminary review on the feasibility and implications of using solar thermal technologies to meet CO 2 capture energy requirements is provided by Cohen et al with available solar thermal technologies [3] . Mokhtar et al., discussed the feasibility of solvent regeneration with the solar thermal energy from a linear Fresnel concentrator [4] . Li et al., conducted a feasibility assessment on a SPCC system in which vacuum tube and concentrating collectors are employed [5] . [6] Fig. 2. Solar power cycle proposed by Cohen et al. [3] Tan et al., proposed an ORC system which is driven by STE for a CCS system, as shown in Figure 1 . The energy demand side is a CCS system which services for a 300MW coal plant. The CCS system employs a chemical absorption method and monoethanolamine (MEA) is used as solvent. A 320000m 2 array of parabolic trough collector (PTC) was designed as a thermal source due to a trade-off between cost and efficiency. The proposed ORC system generates power for auxiliary devices of MEA system, such as solvent pumps. Furthermore, the condensation heat of ORC system was used for a regeneration process in reboiler of the stripper. The organic working fluids which can be used under fixed temperatures of thermal source and sink are screened as well.
Possible options for energy efficiency enhancement

Solar driven power system
Cohen et al., proposed a process configuration, as shown in Figure 2 , in which steam was generated using solar energy. The steam from solar power cycles or power plants, or a combination of the two, is used for CO 2 compression as well as solvent stripping. Several similar configurations of a solar-assisted solvent regeneration system are proposed in reference [4, 5] , as shown in Figure 3 . The steam to the rebolier of the stripper is directly from the solar heating system instead of the steam turbine. In this case, heat duty load of CO 2 capture can be partially met by thermal energy from solar thermal utilization system and the efficiency penalty of CO 2 can be decreased. Thus, the main disadvantage of MEA or similar amine system-large energy demand can be overcome with a large-scale input of STE.
Solar heating system
Solar sea water desalination
A solar-assisted CCS system with desalination for a 300MW power plant was proposed by Zhao et al. During day time with high DNI level, sea water is heated to 110 o C and 2bar using thermal energy from the solar collector array and then steam is generated at 0.5-1 bar in a flash tank. The flash steam goes into reboiler with required thermal energy for solvent regeneration. After such heat rejection process, the steam passes a condenser to preheat the seawater and is stored in a desalinated tank. Fig. 6 . Solar direct-capture from ambient air [7] Solar steam-gasification of coal can finally realize a thermochemical process for H 2 production. At the same time, the by-product, CO 2 , can be separated from H 2 by using temperature swing adsorption or pressure swing adsorption technique. As shown in Figure 5 , the gasification reactor was driven by heat from solar and coal was turned to syngas, and then steam-shifted to H 2 via a water-gas shift reaction. The solar energy can be used in high and low temperatures for reaction and regeneration. Although solar gasification has not been commercialized, some existing demonstration projects have shown its feasibility for possible applications.
Other options
Several reactions, which have been extensively used in capturing CO 2 from flue gas, are considered for separating CO 2 from the dilute source (ambient air). The carbonation-calcination thermochemical cycle based on CaO is a representative one. Using concentrated solar energy on reactors, CO 2 can be continuously removed from ambient air. The entire thermochemical cycle process can be realized through two-step reactors, as shown in Figure 6 . A fluidized-bed solar reactor is applied to accomplish the carbonation at 365-400 o C and the calcination at 800-875 o C, with reacting particles directly exposed to high-flux solar irradiation.
Key issues in design
Integrated component
Integrated design for STE utilization has already been applied in the building sector for cost control and artistic view. For a CCS system, the demand level of thermal energy in a commercial-scale power plant is higher, so the size of the STE collection system is commonly much larger due to a low flux density. Integrated design may become a key issue for using STE to assist the operation of CSS system. For example, several studies had shown temperature profiles or distribution in absorber and adsorber.
Thus, heating coils from the solar collecting system can be integrated with the wall of absorber, adsorber or regenerator for a temperature field adjustment. In this case, a steady reaction with higher energy efficient operation may be achieved.
Energy storage
Intermittent supply of STE can be overcome through energy storage devices, so thermal storage is commonly applied in proposed systems of reference [4, 5] . Mokhtar et al assumed the use of solid, sensible storage as a thermal energy storage medium (60-100 kWh th /m 3 ), whereas Li et al considered using PCM for its high energy storage density (339.8 kJ/kg). The feasibility results of these two researches both show energy storage for a maximum design condition of 15 full-load-hour (FLH) will require a storage system with a larger capacity than existed demonstration projects of solar power plant.
Cost
Several assessment methods and indicators for economic analysis are presented in reference [4, 5] . Typical assessment indicators are net annual benefits, the cost of CO 2 avoidance (COA), and cost of electricity.
Conclusion
A brief overview of existing and possible options was presented for the solar thermal utilization in CCS. Three key issues of system design are discussed for an efficient and economical design. The integration design would be quite different to that from existing engineering experience of the building sector; however, it is necessary for the process integration of CCS project with energy utilization of renewable and waste energy sources. The storage device can extend the operating time of assisted energy supply from solar source, although the COA will be higher. The cost factor is a main consideration for possible measures of solar thermal utilization in CCS. The indicator and method of economic assessments should be standardized for a uniform comparative platform.
